The Australian mainland has 35,876 km of coastline, and an additional 23,859 km of island coastline. The persistence of illegal, unreported and unregulated fishing has been identified as a major factor contributing to the overexploitation of marine resources worldwide. Unfortunately, this vast area requires a great deal of resources and costs hundreds of million dollars to protect. Due to decisions at different times, the patrol boat bases are located at the east side of Australia while most illegal activities are at the North West, which is located a vast distance from where the asset is. Instead of piecemeal development in the past, the current situation has called for a model-based design methodology for the support system design. This paper reviews methodologies commonly used in enterprise systems design and outlines a system model that captures elements of the support system and improves the processes of developing a viable solution to the problem.
Introduction
According to the Australian Border Protection Command (2009b) maritime security threats exist including un-authorised maritime arrivals, bio-security, illegal exploitation of natural resources, illegal activity in protected areas, import or export of prohibited items, maritime terrorism, piracy, violence at sea, marine pollution. People smuggling operations have been prevalent for many years and presented significant research challenges (Putt, 2007) . Illegal fishing vessels operating in the tropical waters of Australia take a great deal of resources to combat, and introduce disease and marine pests into the environment (Border Protection Command, 2009a) . Of further concern is an ever-growing need to protect against illegal immigration, brought about by the opportunistic behaviour of foreign nationals who gain great financial benefit from people smuggling operations (Kangaspunta, 2007) . Initiatives have been taken at national, regional and global levels to protect Australia's national interests at sea (Warner, 2012) .
To conquer these illegal activities, the Royal Australian Navy (RAN) was directed to intercept and board suspected illegal entry vessels, that is, boats that were suspected of carrying people seeking to come to Australia without a visa, when they enter Australia's contiguous zone (24 nautical miles from the Australian coast). The majority of patrolling to combat illegal fishing is performed by the RAN Armidale class patrol boats (ACPB). The apprehension of people smuggling operations is performed by the Australian customs and border protection services, whose primary resources are the cape class patrol boats (CCPB). The RAN ACPB assets are home-based in either Cairns or Darwin, and customs CCPB vessels are all home-based in Darwin. As a result, these valuable assets are located a vast distance from where Australia is most vulnerable to illegal boat incursions. This is problematic due to the costs and time associated with berthing and refuelling as a result of the distances required to travel to the area from the naval base. The cost of protecting Australia's vast territorial interests from illegal foreign fishing annually was more than $500 million per year (Putt and Anderson, 2007) . The effort required no less than ten federal government agencies working together. A significant part of this cost is the support system behind the front line operations. A better support and service system is urgently required for this type of critical capabilities.
Service system design is a novel business development that requires a systematic methodology to support freedom in ideation and preliminary design . To design an effective service system to support operation of complex assets, Sampson (2010) proposed the unified service theory (UST) that standardised the customer feedback of the service design methodology. Customer relations is an important factor in service provision but service system design aiming at value for money is more important in supporting engineering systems. Original equipment manufacturers (OEMs) who usually sell complex engineering products tend to adopt the concept of 'product-service system' (PSS) to extend revenue from sale of a product to providing services to the product after commissioning (Mont, 2002) . The PSS requires designing a well-matched service to improve joint value through a shift from selling product to selling service system with their product (Lightfoot et al., 2009) . Unfortunately, this marketing strategy could have significant impact to the service engineering section of the OEM due to difficulty of integrating partners in the PSS virtual enterprise . A holistic approach that takes into account as complete as possible all enterprise aspects allowing segmental design of the service enterprise is more desirable.
This paper applies an enterprise model to design a viable support solution for improving patrols along the North-Western Australian coastline. The requirements of the new patrol boat support facility (PBSF) are expressed in terms of three key elements in the enterprise model, i.e., people, process and product, and their interaction within the new operating environment. It is envisaged that the establishment of such a facility could be utilised by BFA and other government departments in support of coastal patrols for illegal immigration and to combat against people smuggling operations, as well as illegal fishing in the area.
Literature review
Setting up the right architecture for a support system is a costly investment but worthwhile in the long run. Lapalme et al. (2016) presented the 'grand challenges' faced by engineering organisations and proposed research into the theories and models for addressing them so as to develop the future of enterprise architecture to guide the design of adaptive and resilient enterprises and their information systems. Ivanovic et al. (2013) investigated system architecture investments for aligning with (current and future) business goals. They found that a systematic design methodology should be used to develop well defined policy and processes across the organisational boundaries and the changes should be implemented in all enterprises concerned during the process. This requires understanding of properties of different enterprise architectures for adaptation to the requirements of specific case.
The rationale to use enterprise engineering methodologies to guide service system transition is to minimise enterprise design modifications and associated rework of the system governing information and material flows. Any unplanned change to the enterprise is an impact of uncertainty to enterprise performances. Since 1980s, many researches have been done in search for suitable enterprise architectures for different industries and organisations. The Purdue enterprise reference architecture (PERA) developed by Williams (1994) described how to design an enterprise through its lifecycle. Bernus and Nemes (1996) described computer integrated methodology -open systems architecture (CIMOSA) that specified what should be contained in an enterprise. The graphs with results and actions interrelated (GRAI) Williams et al. (1994) described how the components of an enterprise are linked. Traditional enterprise architectures are based on top down approach. They emphasised on uniformity throughout the organisation. As such, the structure is inflexible and inadequate to model a fast changing dynamic system like a support and service system. Mo and Nemes (2010) proposed a DNA model which was suitable for enterprises going through merger and acquisition. Research in enterprise modelling theory started to look for more fundamental constructs that could enable flexibility in system design and implementation.
More recently, Azevedo et al. (2015) presented an ontological analysis of the concepts introduced in an architectural framework which focused on resource, capability and competence concepts. The proposed framework was illustrated with two real world cases to show the applicability of the constructs and relations in an industrial setting. Le and Wegmann (2013) developed an open distributed processing enterprise architecture framework which consisted of a computer-aided tool and a language behind the tool for modelling enterprise architecture in a hierarchical manner. The framework was able to integrate multiple views of an enterprise and enabled sharing of ideas and knowledge between disciplines. Hinkelmann et al. (2016) proposed a metamodelling approach, which supported both human-interpretable graphical enterprise architecture and machine-interpretable enterprise ontologies for continuous alignment of business and IT for the agile enterprise. Nikpay et al. (2017) developed a hybrid evaluation method that supported an organisation achieving the objectives of enterprise architecture implementation. The method consisted of a systematic literature review and analyses of enterprise architecture practitioners, program theory evaluation and information systems. This approach was useful for practitioners to employ an effective and lightweight evaluation method for enterprise architecture projects. Cohen et al. (2006) observed that in product/service bundling, products may be owned by a consumer, a customer, a leasing company or a manufacturing service provider. They characterised business models associated with after-sales service as disposal, ad hoc, warranty, lease, cost-plus, performance based, power-by-the-hour. Bovaird (2004) observed an increasing interest in public-private partnerships where government was the customer who might or might not own the asset being supported. Purchase et al. (2011) discussed the individual, organisational and inter-organisational challenges faced in the move from a product to a service orientation in a public-private partnership setting, highlighting a need for both sides to develop new attitudes and competencies and viewing the working arrangements as a complex adaptive system.
For support of a mission critical operation like ACPB, a holistic approach for the design of an agile enterprise is required. The support system architecture serves as a framework for consolidating existing knowledge of the service system as well as an instrument for examining future requirements in such a system in a simulated environment and developing plans for achieving the expected future state. Fizzanty et al. (2013) identified issues in supply chain sustainability and developed a framework for guiding implementation that established commitment among stakeholders and lowered the risk of the system. However, these service system designs were compromised by the commercial reality. Gill (2015) demonstrated the use of an agile enterprise architectural framework which was initially architected at the high-level and integrated with their existing low detailed level modelling standards in practice for supporting end-to-end agile enterprise architecture modelling. Trad and Kalpic (2016) observed that a business transformation process should be assisted with an efficient transformation and architecture framework that includes an enterprise patterns, services and building blocks assembling concept. The roles of business transformation manager and enterprise architect are crucial for the finalisation of the very complex implementation phase of the business transformation project.
Mo (2013) reviewed a book on complex engineering services systems and found that while concepts for building different parts of the service system were presented by over 20 authors, the book did provide an integrated view of how a complex engineering service system could be built within an activity based framework for services. The three transformations within the framework captured ideas presented various chapters and could be useful for managing the lifecycle of complex engineering service systems from design to implementation. The 3PE enterprise model is able to capture changes in three elements within the enterprise: product, process and people (Mo, 2012) . These elements interact with one another while the interactions and elements are constrained within an environment. The enterprise does not seek to change unless it is under significant pressure from the environment to change in order to suit new operating conditions. This model is used in the support enterprise design for ACPB.
Enterprise reference model
To design the new system, the existing PBSF enterprise should be modelled to establish the baseline for design. Using the 3PE model, the enterprise system for service and support systems can be modelled as three interacting elements operating within a business environment (Figure 1 ). The system captures the requirements of three important elements: people, process and product (3P), and the interactions among these elements. These elements will operate within the environment (E). Using the 3PE model, existing facilities and resources can be re-grouped to relevant sub-systems and demand for new resources can be incorporated. 
People
The people element comprises a large number of stakeholders. Some of the key stakeholders are described below.
Management level
The management of the ACPB support system comes from many sections of the government. The following list provides most of the key units responsible for certain aspects of ACPB.
• Defence materiel organisation (DMO) -responsible for acquisition, and the management of capital equipment and systems and through life support of materiel on behalf of the Australian Defence Force (ADF).
• Principle contractor -responsible for project management, coordination of work, cost and schedule management and subcontractor negotiation and management.
• Subcontractors -responsible to the principle contractor for completion of contracted work including a environmental impact assessment and reporting b dredging c excavation d construction e test and evaluation (T&E) support.
• Maritime Commander Australia -responsible for RAN fleet operations in Australia.
• Commissioner Border Force Australia -responsible for BFA security operations.
• Commander Australian patrol boat forces -responsible for direction and control of RAN patrol boat operations.
• Premier Western Australia -responsible to Western Australians for management of state assets including the protection of marine life and border protection, and ensuring guidelines associated with dredging operations are adhered to.
• The Minister for Defence -responsible to all Australians for the implementation and management of defence assets and defence operations, including intelligence and security, international policy and force structure.
• The Minister for Agriculture -responsible to all Australians for the management of bio-security and the protection of regional areas in relation to quarantine services.
• The Minister for Immigration and Border Protection -responsible to all Australians for the management of immigration and border control.
• Austal Australia -responsible for in-service support of the BFA CCPB.
• Defence Maritime Services Australia -responsible for in-service support of the RAN ACPB.
Business manager
The business manager provides integrated program support for contractual, financial and schedule requirements. The business manager is responsible to produce the EV reporting required by the contract.
Integrated logistics support (ILS) manager
The ILS manager supports the procurement/fabrication of system components. The ILS manager and the ILS team focus mainly on operations, resources and processes. Manufacturing engineers, industrial engineers, inventory management and production control representatives are assigned to support the project through the development of detailed plans, work instructions, work schedules, hardware requirements and management functions. The ILS team is vested with the responsibility for supportability of the project, and will be the focal point for the reliability and maintainability aspects of the SOW, and the generation of data items to support the work.
Responsibilities of the ILS team include tracking the mean time between failures (MTBF) status of components and the management of failures through normal reporting functions.
Procurement manager
The procurement manager is responsible for management of the support functions for the project, including logistics, data management, and product support equipment.
The procurement manager is further responsible for formal contractual communication with the customer and sub-contractors, and shall be the only point of contact for contractual changes.
Quality assurance activities on the project are the responsibility of the procurement manager, and his team, who are vested with the authority to ensure that corporate policy is implemented, and that a program-specific QP is issued.
Engineering manager
The engineering manager and the engineering team maintain focus on the systems integration aspects of the project. It is the responsibility of the engineering manager to ensure that the system is successfully integrated and meets all of the CIDS requirements.
Process
All artefacts defining the project shall be maintained under configuration control. All subsequent schedule changes are processed by way of a change request process. Any contract milestone change requires the capability provider and DMO approval.
Cost/budget management
Budget management shall be maintained utilising existing policy, directives, procedures, and processes.
Using a full validated cost and schedule control system, which meets DEF (AUST) 5655 standards, costs and budgets shall be maintained to a standard required by the customer.
Cost and schedule reporting will be maintained via a system where work authorisation, planning and scheduling, budgeting, accounting, performance management, variance analysis, estimates at completion, and reporting are integrated into a single closed-loop system.
A recognised database for financial management, technical planning, performance review, change control, and program management, shall be employed throughout the project.
Quality management
An industry recognised quality management system, designed to ensure that required quality levels in the design, development, manufacturing, testing, inspection, installation, modification, maintenance, and repair of hardware and software products and purchased items quality management are attained to a superior level, shall be utilised throughout the project.
The quality plan (QP) identifies the processes to be followed to assure that quality objectives are met. This process document identifies the following:
• ISO 9001 quality system requirement by paragraph and title
• media and documents applicable to each ISO requirement
• primary ISO requirement owners (team or functional organisation)
• quality records used on the project to satisfy applicable ISO 9001 requirements
• project team members will use the processes, procedures, and methods identified in the QP, at all times.
Team leaders will ensure team management and self-review procedures and methods to ensure that the defined processes, procedures, and methods are followed at all times.
Communications management
Information flows necessary to achieve responsible project communications will be driven from the formal and informal communications needs of the project teams. The processes for formal communications between the project lead team and external organisations will be defined by the contract, with the contracts manager authorised to initiate and respond to the formal communications of the customer including contract changes. In particular:
• the formal design authorised contractor action communications are established in the SEMP
• formal change communications are established in the configuration management plan (CMP)
• communications with DMO and BFA will be via periodic program management reviews (PMR), technical interchange meetings (TIM) and telephone conversations (telecons).
PMRs and TIMs shall be held on a quarterly basis, and telecons shall occur on a monthly basis, or more regularly if required, but shall be no less frequent than monthly.
Data management
Data management will be structured so that all deliverable data will be supplied in accordance with the contractually defined contract deliverables requirement list (CDRL) and software deliverable requirements list (SDRL).
The content and quality will be in accordance with the respective data item descriptions (DID) referenced in the contract, utilising approved and established processes and systems for data management.
Data management is the responsibility of the ILS manager and his team, and the processes and procedures are established by the QP, and will be further detailed in the CMP.
Risk management
The risk management process shall be controlled through existing company procedures and shall be defined in a separate risk management plan (RMP), to ensure that objectives are met without undesirable consequences, as a result of threats to the projects technical parameters, costs or schedule.
Updates/status of the risk management process shall be provided monthly by monthly progress reports.
Procurement management
An integrated product team (IPT) shall be set up to maintain responsibility for the subcontract management function. The IPT shall professionally manage each subcontractor to ensure that all procured hardware, software, data and services meet or exceed customer and company technical, schedule, cost, and quality requirements.
The supplier management representative to the IPT is responsible for adherence to policies and procedures, pertinent to the project. Consistent application of current disciplined procurement practices throughout the contract period of performance shall be maintained. These processes and procedures are flexible enough to allow for variations necessary to meet the requirements of the program.
All documentation and data for the project will be electronically stored and controlled, and the transfer of documentation and data will occur in accordance with an approved data item submittal schedule.
Operational policies and constraints
The following documents affect or influence operation of the support facility:
• ADDP00.1 -command and control -regulations governing the rules for operations directed by the PBSF.
• ADDP06.1 -rules of engagement (ROE), defines the level of response that can legally be applied under various circumstances and will influence posture of assets and conduct of operations.
• ADDP11.1 -personnel support to operations -rules regarding support requirements for personnel based at the support facility.
• ADDP4.0 -defence logistics -guidelines for support of logistical operations and procurement.
• ADDP6.0 -communications and information systems -guidelines and regulations covering communications support and transfer of information between boats at sea and the support facility.
• ADDP7.0 -doctrine and training -guidelines support training requirements at the facility.
• Maritime patrol requirements (2000) -review of the rules and objectives of maritime patrols in Australia, Ministry of Fisheries.
• DI (G) OPS 16-2, management of electromagnetic environmental effects.
• SE Asia international guidelines/treaties.
• International regulations applicable to deployments in international waters.
Product
The scope of the project is to construct a new support base closer to where Australian border security is most vulnerable due to isolation from the main support facilities at the north eastern side of the continent. The patrol boats are the product in the system and so are the facility and communication system. The current support system hardware comprises berthing facilities for eight patrol boats with a draught of no more than 3 metres, and the construction of buildings, including an administration building, stores and maintenance facilities, fuel storage, undercover berthing for two vessels, and additional external wharf area for a further six vessels.
Major systems
The major elements required are:
• eight patrol boats
• communications including HF, VHF, UHF, satellite, voice, radio automatic teletype (RATT), connection to the defence communications network and visual
• fuel storage for up to 150 tonnes of diesel fuel
• training facilities
• functional maintenance shed able to accommodate two patrol boats
• test facilities
• operations command and control.
Repair facilities
In order to perform maintenance activities as required, out of the weather, the dimensions of the undercover shed with berthing facilities is 80 m (L) by 37 m (W) by 70 m (H) to house patrol boat of sizes in Table 1 . The interior of this facility shall be capable of berthing two patrol boats at any one time, regardless of the class/type, and should be built to the following specifications: Wharf area surrounding facility of 4 metres on each side, and 20 metres in front of each boat, thus allowing 29 metres of beam space between the two side wharves for two vessels to berth.
Four bollards along each side wharf for head, aft and mid-ships securing, and four bollards along the front wharf for cross tying.
Side access to allow refuelling when berthed inside the facility.
Communications system
Receiver support for satellite, high frequency and digital communications is required, including a communication centre, in order to provide support to all visiting ships. In this respect, the ships are not restricted to ACPB and CCPB. Other ships such as BFA vessels, RAN ACPB vessels and warships of both RAN and allied nations.
Weapons support
A fully stocked armoury, containing small arms including .9 mm pistols and F88 5.56 mm asteyr rifles and ammunition, is maintained. The armoury also stores sufficient ammunition to support both RAN and BFA patrol boats, including 12.7 mm and 25 mm rounds.
Operations room
The operations room at the new facility must include all relevant up to date equipment capable of radar surveillance, search and tracking, and ground controlled intercept (GCI) activities in order to support patrol vessels operating in the area.
People -process interaction
From the outset, a baseline shall be struck to ensure progress is able to be monitored on a regular basis. The project manager (PM) shall be responsible for schedule updates, utilising the latest information and incorporating changes as necessary. The PM will establish a management reserve that will be held within the project budget, and will be used to fund unexpected management and/or technical problems or emergencies. Information flows necessary to achieve responsible project communications will be driven from the formal and informal communications needs of the project teams. The processes for formal communications between the project lead team and external organisations will be defined by the contract, with the contracts manager authorised to initiate and respond to the formal communications of the customer including contract changes.
Fundamental inputs to capability
Due to the nature of operational requirements whilst in the area, neither RAN, nor BFA vessels should undergo operational readiness evaluations (ORE), planned workups or planned exercises, except in the following circumstances:
• On completion of unplanned maintenance -as the proposed facility will have the capacity to perform repairs and rectifications in the event of failures, workups and trials can be performed to verify that repairs have been effected appropriately.
• Exercises -where planned exercises are conducted in the vicinity of Exmouth, RAN vessels may utilise the facility for berthing, replenishment and refuelling needs.
Facilities and training areas
Facility requirements for the proposed facility include:
• Training -a small arms training facility must be maintained in a secure area adjacent to the facility, to ensure boarding operational training requirements are maintained. A shooting range is also available.
• Medical -a medical support facility for all personnel posted to the facility or visiting crews must be maintained and staffed by qualified personnel.
• Refuelling -the proposed facility must be capable of refuelling visiting vessels, and store sufficient fuel for up to three months, and to support up to eight vessels. It is envisaged that fuel storage facilities will need to be able to store up to 150 tonnes of fuel.
Product -process interaction
The formal design authorised contractor action communications are established in the SEMP. From the SEMP, the budget can be established. Budget management shall be maintained utilising existing policy, directives, procedures, and processes. Cost and schedule reporting will be maintained via a system where work authorisation, planning and scheduling, budgeting, accounting, performance management, variance analysis, estimates at completion, and reporting are integrated into a single closed-loop system.
Support
Support for visiting ships shall be the sole responsibility of the RAN command, with support provided by RAN personnel, with overall control and co-ordination maintained by the CO of the base.
Of the eight patrol boats berthed at the facility, at least five boats should be operationally ready to deploy at any time for surveillance, salvage, search and rescue or special operations. Both RAN ACPB and BFA CCPB shall be rotated in line with current crew rotational schedules. Any long term maintenance or refit programs should not be conducted whilst alongside at the PBSF.
System and acquisition boundaries
The major constituents of the capability can be considered to be:
• elements that allow the conduct of patrol operations for both illegal immigrants and FFVs
• elements that provide maintenance support to patrol boats
• elements that provide communications support for patrol boats and visiting ships
• support elements.
The following items are included in the contract:
• an EIA and report
• dredging requirements, based on the results of the EIA
• integration of communications equipment
• integration of surveillance systems
• construction of wharves, including an undercover maintenance facility with dual berthing facilities
• developmental test and evaluation (DT&E)
• acceptance test and evaluation (AT&E)
• ILS planning (spares, ongoing maintenance and support).
The following items are not included:
• operator training
• supply of consumable provisions (i.e., fuel, parts, victuals, etc.)
Existing GFE assets to be integrated
• existing naval and BFA communications equipment
• existing naval and BFA surveillance equipment
• existing maintenance support equipment.
Supplies
Supplies must be maintained to support visiting vessels, including:
• ACPB and CCPB spares
• aviation gas fuel storage
• victuals
• ammunitions
• medical supplies
• tools.
Supply and logistics shall be provided by the PBSF supply team, under the supervision of the RAN supply officer located at the facility. Fuelling shall be conducted by engineering staff under the supervision of the RAN engineering officer at the site.
Maintenance
In all scenarios, the support facility maintenance staff shall be required to ensure that patrol boats are operationally ready for deployment.
It may be necessary due to maintenance activities to perform extended work on supported vessels, which can be conducted within the maintenance shed, or alongside for minor works, however at least five vessels should be ready for deployment at any time, and at short notice.
Maintenance staff should ensure all weapons, communications and mechanical systems are functioning correctly, and that all planned maintenance activities are carried out in accordance with standard schedules.
Prior to any deployment, maintenance staff shall perform pre sail checks to ensure correct operation of all on-board systems, and make assessments in line with BFA and RAN doctrine to ensure safety and survivability is paramount in the event of unserviceability's, prior to providing clearance for departure.
Unplanned maintenance and minor planned maintenance activities shall be conducted by qualified RAN and BFA personnel, under the supervision of the RAN engineering officer in consultation with the senior BFA engineer.
Product -people interaction
The establishment of a PBSF in the new support base at the North West coast of Australia would provide infrastructure capable of supporting both customs cape class and ACPB, which would be able to berth at the facility on a rotational basis. The proposed facility will allow for up to eight patrol boats to be berthed at any one time, with two of the vessels housed in a purpose built undercover maintenance facility.
Accessibility to existing in-service support contractor -Austal Australia, who currently has the support contract with BFA for the CCPB, is home-based at the Henderson shipyard in Perth. The development of this facility will provide Austal with more accessibility to CCPB vessels which are on station at the PBSF, as well as providing BFA with the ability to sail to Perth for maintenance on completion of a rotation at the facility.
Operations personnel
RAN and BFA personnel are deployed in their normal roles as the crew of deployed vessels. The operational requirements defined category, level and number of personnel under existing policies and practices of navy and border control authorities. The personnel provision will not change irrespective of how the operation of ACPBs is supported. The current establishment required to operate the ACPB system consists of the following personnel:
• a CO
• a senior BFA officer
• an executive officer (XO)
• three principle warfare officers (PWO)
• three operations officers (OPSO)
• twelve combat systems operators (CSO)
• four BFA operations personnel
• RAN ACPB crews as required (four boats)
• BFA crews as required (four boats)
• An RAN communications Officer,
• a senior BFA communications officer
• a communications sailor who has attained non commissioned officer (NCO) rank
• twelve communications sailors
• four BFA communications personnel
• a supply officer
• a senior BFA supply officer
• three supply staff (two service and one civilian)
• an engineering officer
• a senior BFA engineer
• six marine technical (MT) sailors (covering both propulsion and hull)
• three electrical sailors (power, weapons and communications)
• two BFA maintenance staff
• an administrative support officer (ASO) (service)
• a senior BFA administrative officer
• a medical officer (service)
• a doctor (civilian)
• medical personnel (service and civilian)
• a cook who has attained NCO rank
• administrative sailors (i.e., writer, stewards, coxswains, etc.)
• cooks (either service or civilian as required).
The operations of the RAN ACPB will be under the command of the commander Australian patrol boat forces (COMAUSPABFOR), with local representation from the base commanding officer (CO) in his absence. The senior BFA officer shall be responsible for operations of the BFA CCPB forces. Existing crew complements shall be utilised in patrol boat operations.
Roster personnel
In order to ensure patrol operations are supported throughout deployments, the following personnel will need to maintain a watch roster system, for 24 hour support:
• PWOs
• OPSOs

• CSOs
• communications sailors (service and civilian).
In order to ensure crew rotation applicable to ACPB vessels is maintained as per rotation schedules, operational tasking may necessitate the need to execute a handover of patrol boats whilst at sea.
Operational support
Command and control of operations will need to be supported by operations personnel at the proposed facility, working under existing watch-keeping structures, in accordance with current RAN policy.
BFA personnel will also be required to watch-keep in a combined RAN/BFA personnel schedule to ensure 24 hour coverage of patrol operations.
Operations personnel at the facility will conduct operations in accordance with existing policy and guidelines, and as directed by naval headquarters, COMAUSPABFOR, the Department of Immigration and border protection and border force Australia command headquarters.
Engineering
The proposed facility will need to provide both RAN and BFA patrol boats with ongoing engineering support, including modifications, upgrades, spare parts, storage, logistical planning and support. This will include support for the following systems:
• power
• weapons systems
• navigational equipment
• communications equipment
• engine and auxiliary power equipment
• steering systems
• radar.
Supply and logistics
Ordering of all spares shall be the responsibility of the support facility. Logistical planning must ensure that all planned maintenance activities are able to be carried out in accordance with current RAN and BFA schedules, whilst vessels are alongside at the facility. In addition adequate logistical planning must be maintained to ensure unplanned failures are able to be supported when possible, and in the event that such failures are unable to be rectified with current held stores, it shall be the responsibility of the support facility to source parts and manage freight costs to the PBSF.
Supply chain management (SCM) must further ensure victualling requirements are sourced and stored effectively at the facility.
Fuel storage must also be considered and ordered as a part of SCM.
Training
Training support must be made available and managed by the proposed facility, including training for:
• boarding operations
• signalling
• radar
• maintenance
• communications.
Service system design objectives
The primary objective of the PBSF project is to provide the ADF and BFA with improved surveillance capability to handle the operation requirements inherent in the new support system design objectives as a minimum, and to provide a platform for surveillance activities in closer proximity to known areas of illegal activities, including illegal fishing, people smuggling and illegal immigration activities. Extending from this, a secondary objective is to provide the ADF with enhanced capability for supporting other operations within the Australian economic exclusion zone (EEZ) along the Western Australian coast, including but not limited to salvage operations, search and rescue operations or special operations such as escort tasking. In order to understand the changes imposed to the ACPB system due to change of support system configuration, several operation scenarios are developed to provide the basis for benchmarking the requirements expected on the new ACPB system and hence the PBSF.
Scenario 1 -fisheries patrol
This scenario relates to an Indonesian type 3 fishing vessel has been sighted in the vicinity of Barrow Island. In such a scenario, it is imperative that the response is such that trained sailors are able to intercept and deter further fishing in the area, and prevent illegal fishermen from landing ashore. At present, the RAN or the BFA with the closest patrol is based over 2,000 km away in Darwin. The close proximity of both RAN and BFA forces (~183 km from proposed facility, compared with ~2,000 km from Darwin, where all boats are currently based), allows immediate response for either the RAN, BFA or both.
The deployment from the PBSF on a new location closer to the Northern Western Australia coastline would allow a much faster response. Patrol boats are able to be deployed within 90 minutes of sighting, allowing much faster intercept and less risk to environmental damage to the area. As such, environmental and ecological damage to the area is able to be reduced and negated far more effectively and efficiently than is currently the case. In addition, the proximity allows for assistance from BFA personnel when required, in a more timely fashion, in the event that an RAN vessel is deployed to address the threat.
Scenario 2 -surveillance
This scenario relates to surveillance of the AFZ and EEZ is required by both RAN and BFA forces along the Northern Western Australia coastline. In order to effectively conduct surveillance operations, RAN and BFA forces must patrol from coastal regions to the edge of the AFZ and EEZ.
The implementation of a new support base on the North Western Cape would reduce costs, as berthing arrangements on a defence facility would not incur expensive fees, fuel costs would incur charges for freight, as is passed on to boats berthing at remote localities, however as the new PBSF design includes fuel storage, the costs of refuelling would be greatly diminished, and freight costs would be lessened with the ability to store parts, components and consumables including victuals at the support base.
Scenario 3 -people smuggling
This scenario relates to an illegal attempt to land on the Northern Australian coast 240 km North of Port Hedland, Western Australia is detected by an AP-3C maritime patrol aircraft, and reported to BFA headquarters. BFA headquarters respond by ordering two BFA CCPB vessels stationed at the PBSF to deploy to the area and investigate, with a view to apprehension if required.
At present, a response from BFA forces based in Darwin would take BFA forces approximately 40 hours at a speed of 18 knots to intercept the threat. This transit time could be reduced to 30 hours if the patrol boats were to transit at a speed of 24 knots however this speed is unsustainable over such a vast distance. Even in the event that a BFA patrol vessel is operating in Western Australian waters at the time of the report, it would mean that the use of two vessels would be inefficient, whereas the proposed solution would allow for a second backup vessel to attend.
Using the proposed PBSF as the launch for BFA forces, the boats would have only ~800 km to transit, as opposed to 1,400 km from Darwin, and would be able to sustain a closing speed of 24 knots with ease, thus arriving in the threat area within 17 hours of receiving the order to respond. In addition, it would be feasible to allow either a second BFA vessel, or an RAN ACPB to attend as backup in the event of hostilities arising from the arrest and detention of the ship's crew. Further to this, the use of a second vessel would reduce the burden on the BFA vessel in the event that immigrants need to be transited to a detention facility on-board the BFA boat.
Scenario 4 -search and rescue
This scenario relates to an US yachtsman attempting to circumnavigate the globe in a 24 foot personal yacht has hit a reef off snakewood island in the Indian ocean, and requires immediate assistance. In response to the danger, an RAN ACPB vessel is deployed to assist in rescue operations.
The ACPB vessel remains in constant communications contact with a deployed maritime patrol aircraft despatched from RAAF pierce in Perth, who pinpoint the location of yacht using emergency position indicating radio beacon (EPIRB) radiations as a guide to the locality of the distressed yacht.
Due to the dangers of a submerged yacht in such a location, time is of the essence in such a situation. An RAN ACPB based only 200 km from the area would be in the best possible situation for immediate response and subsequent rescue. In addition the proximity of the vessel would allow fast recovery and the possibility of saving the capsized yacht, with an ability to tow the stricken vessel back to the support base.
Consolidated operational needs
The operational scenarios are identified in Table 2 , designed to indicate the full user needs of the facility. These scenarios are constructed to uncover the full range of capabilities, however are not intended to constrain the flexibility of the final solution. Australia has produced a national plan of action to prevent, defer and eliminate illegal, unreported and unregulated fishing (NPOA-IUU). This plan highlights not only the commitment from the Australian Federal Government to combat against illegal fishing, but also the desire to find new ways to enhance the country's ability to do so, as the implementation of the PBSF will do. The threat to bio-security, environmental damage and disease is real, and in addition the threat of illegal immigration is an ongoing problem, that has been a key campaign agenda through successive elections. It is envisaged that the construction of the proposed support facility would:
• reduce costs associated with patrolling the area by eliminating berthing costs, and reducing fuel requirements and refuelling costs for area patrols
• provide maintenance support for visiting vessels
• provide comfortable living accommodation for the families of the patrol facility support staff
• provide accommodation for visiting crews whilst alongside
• provide rest and relaxation facilities for ships crews
• improve patrol coverage of the area.
Changes to the enterprise model
A capability gap in the surveillance and protection of Australian coastal waters between Derby (~1,650 km north of Exmouth, Western Australia) to Perth (~1,300 km south of Exmouth) currently exists, due to the expensive costs associated with RAN and BFA Darwin based patrol vessels operating this far from home.
Assessment of system impact from enterprise model
Using 3PE as the reference architecture, the four scenarios can be satisfied with changes to the elements identified in the 3PE system as shown in Table 3 . The changes are visualised as specific system design requirements for the new support system.
People
The project to make changes to the system requires additional personnel in the enterprise to manage the change project. Operational personnel are not affected.
Project manager
The PM is responsible for the total performance of the program that implements changes to the system. Responsibilities of the PM includes all contract deliverables, and will manage all technical and business actions required to complete the contractual requirements of the project. Table 3 Changes to elements of 3PE architecture The PM has the authority to manage the program in accordance with the contract. The contract is defined by the associated terms and conditions, contract item development specification (CIDS), and the statement of work (SOW). The PM will execute the program within the budgets and constraints of the program. A management reserve, to be held by the project, will be established. This reserve will be used to fund unexpected management and/or technical problems or emergencies. The PM will approve any expenditure from this reserve.
Senior design engineer (SDE)
The SDE is responsible for management of the overall systems engineering effort. System design includes establishment and control engineering management processes, and maintain responsibility for the final design approval authority.
Process
Design of the new enterprise process due to change of operation environment needs to take into account special activities during the transition period, e.g., location of families or extra time required to reach new depot facilities.
Schedule/time management
From the outset, a baseline shall be struck to ensure progress is able to be monitored on a regular basis.
The PM shall be responsible for schedule updates, utilising the latest information and incorporating changes as necessary.
The PM and his team will establish a management reserve that will be held within the project budget, and will be used to fund unexpected management and/or technical problems or emergencies.
Earned value management shall be the responsibility of the business manager, reporting directly to the PM, to ensure schedules are maintained and milestones are met.
Product
The 'product' is essentially the same ACPB and CCPB with similar booth and support structure. The difference in this case is a "move" from existing base locations to the new support base locations. The most important item in this category is obviously the cost involved.
Project cost
The current total project cost estimate is $42,546,104.21 as outlined in Table 4 . The total project cost range is $39.245M -$47.707M.
People -process
Probably the most significant change, apart from building the new facilities at a remote location, is the change in time required by the operational personnel to reach the points of duty. This is reflected by a different operational roster. Table 5 provides a scenario which begins operations on the 1st January in any given year. The proposed rotation by divisions allows for four RAN patrol boats to be berthed at the new PBSF as a division, rotating with other Darwin based divisions over the period. In this scenario, a ships complement would only be required to be located at the proposed facility for a six week period in every 20 months of operation. For example crew 1 of attack division would be on station from the 1st January until the 12th February, and would not be required until 9th October in the following year. Whilst a division of boats is not on station, they would be available for routine patrols along the north of Australia, in accordance with current operational requirements.
Roster
Process -product
Cost/budget management
The total project cost is estimated to be $42.5M. This budget needs to be managed in addition to the daily support activities. A special account will be established for the change period.
Facility design
The proposed facility shall operate as a new navy base, with full command and control as prescribed within the constraints of current navy operational directives, and as directed by naval headquarters, Canberra.
BFA command shall be responsible to the CO of the base, and assume command and control of BFA vessels operating out of the support facility.
Broadly, the acquisition scope of the project includes the design and construction of facility, including:
• a stores and maintenance compound
• a communications facility
• a command building
• an operations facility
• a galley and cafeteria
• a medical facility
• accommodation for officers and senior customs staff, with recreational facilities and separate galley/wardroom
• accommodation for senior sailors and customs staff, with recreational facilities and separate galley/mess
• accommodation for junior sailors, with recreational facilities
• housing for married personnel
• berthing facilities
• maintenance facilities
• storage for fuel.
The project reuses:
• existing BFA and RAN vessels
• existing communications equipment
• existing radar equipment
• existing staff.
Enterprise modelling of isolated support system
365
The project excludes:
• the provision of documentation necessary for base operations and support
• furnishings.
Product -people
Accommodation
An improvement in working environment is always expected for new facilities. It is also proposed to construct housing for 17 accompanied Officers, five Senior Sailors and 30 junior sailors, as well as single accommodation for all ranks in separate buildings, and incorporate a pool and bar at the location.
Impact of new environment to enterprise
The proposed location of the facility is approximately 7 km South of NAVCOMMSTA Harold E Holt, and 6 km to the North of the township of Exmouth (the green arrow in Figure 2 ). In order to establish a facility at this location, the site location will need to be dredged to a depth of 4 metres, in order to allow the construction of a wharf facility for the berthing of both RAN ACPB and BFA CCPB vessels, and for the construction of an undercover maintenance building in which vessels will be able to berth for extended maintenance activities, whilst out of the weather. In addition the facility will provide both the RAN and BFA to conduct routine surveillance operations, search and rescue missions, salvage operations and support operations for other government and non-government organisations along the Western Australian coast within the Australian EEZ.
The proposed facility will allow for up to eight patrol boats to be berthed at any one time, with two of the vessels housed in a purpose built undercover maintenance facility. In order to establish a facility at this location, the site location will need to be dredged to a depth of 4 metres, in order to allow the construction of a wharf facility for the berthing of both RAN ACPB and BFA CCPB vessels, and for the construction of an undercover maintenance building in which vessels will be able to berth for extended maintenance activities, whilst out of the weather.
Communication system re-design
It is proposed that in order to minimise the effects of environmental radiation hazards to personnel, the HF transmitters should be housed at NAVCOMMSTA Harold E Holt, and should be hardwired to four 35 foot whip antennas.
VHF and UHF equipment, used to support line of sight and satellite communications, will be located at the new facility, with aerials mounted on the roof of the main administration building.
Environmental and regulatory
The environment impact assessment shall be conducted in strict accordance with the environmental assessment guidelines provided by the environmental protection authority (EPA) of Western Australia, as prescribed under part 4 of the environmental protection act 1986. The Contractor will be compelled to protect the environment throughout the construction phase of the project. Storm-water management techniques will be used to prevent erosion and avoid the discharge of storm water into the ocean. Disposal of waste shall be conducted in accordance with the national assessment guidelines for dredging (NAGD). Of high consideration shall be the need to ensure waste prevention, with an audit undertaken prior to commencing any dredging operations in order to identify opportunities for the prevention and minimisation of pollution and contamination of the marine environment. Dust control measures will be implemented to minimise air pollution during site preparation and construction.
The storage of diesel at the proposed facility may pose a risk for air quality management, and therefore costing will include state-of-the-art anti-pollution measures to ensure any risk to the environment is minimised.
The EIA will take into account the need to protect coral growth which exists in the vicinity of the proposed facility, and costs associated with the output of this assessment, will need to take into account the requirement to address the protection of all marine species in establishing a method for dredging and all future operations associated with the facility.
Dredging operations shall be conducted in accordance with the waterways conservation act 1976 and the waterways conservation regulations 1981.
A dredging assessment shall be conducted as per the NAGD, in accordance with five major steps:
• demonstrate that all alternatives to ocean disposal have been evaluated
• assess sediment quality
• characterise loading and disposal sites
• assess potential impact to the environment at loading and disposal sites
• identify monitoring and management measures to control and mitigate impacts at loading and disposal sites.
Pollution prevention plans
The contractor will be compelled to protect the environment throughout the construction phase of the project. Storm-water management techniques will be used to prevent erosion and avoid the discharge of storm water into the ocean. Dust control measures will be implemented to minimise air pollution during site preparation and construction.
The contractor will continuously liaise with the EPA, as well as both the RAN and BFA, to ensure all precautions are taken to minimise pollution and to facilitate environmental protection at all times.
Disposal of waste shall be conducted in accordance with the national assessment guidelines for dredging (NAGD). Of high consideration shall be the need to ensure waste prevention, with an audit undertaken prior to commencing any dredging operations in order to identify opportunities for the prevention and minimisation of pollution and contamination of the marine environment.
Security
As the proposed facility will require the storage of sensitive publications, a RAN security officer will be required to support the final stages of construction. Constructions will include the provision of A, B and C class security containers for the storage of sensitive publications and information.
Personnel security, physical security and system security must be considered through vigilant application of defence security manual (DSM) and the information security manual (ISM). Physical security of the site shall be maintained during construction, with only those personnel necessary for site construction permitted to enter the area.
Architecture compliance statement
The specific operation of business architecture products will be compliant with the information and technology embodied in the defence architecture framework (DAF). The primary mission of the PBSF is to provide an enhanced surveillance and protection capability in the defence of Australian borders, by ensuring those vessels and crews tasked with the protection of the Australian mainland are afforded more accessibility to foreign entry, whether it be fishing vessels or people smuggling operations.
Operational constraints
The operation of APCB has many constraints to observe. Hazards brought about by the use of electronic and hazardous radio frequency (RF) equipment, which can have adverse effects to personnel health, as well as explosive ordnance and flammable materials, will be minimised by the location of HF equipment at NAVCOMMSTA Harold E Holt, and the mounting of VHF/UHF antennas on the roof of the main administration building.
In all scenarios, the support facility maintenance staff shall be required to ensure that at least five patrol boats are operationally ready for deployment.
Electromagnetic environmental effects (E3)
Hazards brought about by the use of electronic and hazardous radio frequency (RF) equipment, which can have adverse effects to personnel health, as well as explosive ordnance and flammable materials, will be minimised by the location of HF equipment at NAVCOMMSTA Harold E Holt, and the mounting of VHF/UHF antennas on the roof of the main administration building.
The defence policy on E3 is captured in DI (G) OPS 16-2, The management of electromagnetic environmental effects. DI (G) OPS 16-2 as well as existing standard operating procedures and standing orders must be adhered to at all times, in order to mitigate risk to personnel safety.
Conclusions
This paper does not purport to propose a new solution to a problem affecting Australian customs and naval personnel, but rather a viable solution to improving existing procedures, by enhancing coverage of Australia's most vulnerable section of coastline. The benefits of the new support system include:
• Reduced costs of refuelling -due to the ability to store fuel at the facility, and not replenish at a remote locality refuelling wharf.
• Reduced operational costs -due to less transit time required from base to area of operations.
• Increased presence in the North-West area -due to a more localised presence, and shorter distances from home base.
• Increased employment opportunities in the area -new on-site personnel housing, base facilities and recreational infrastructure and ongoing employment opportunities in nearby Exmouth.
The use of enterprise model 3PE to incorporate different system components into different sub-systems provides a structural implementation of the system with thorough systems engineering principles, including sufficient consideration of the support environment, an understanding of what a service is, and the deliverables required in order to provide a successful service and a comprehensive understanding of service frameworks. The effects of supply chain and logistics in the support solution have been considered thoroughly and included in the design of the facility. Maintenance, both planned and unplanned, are key to the principle functions of the facility, and have been included in all documentation, while service and support operations are vital for the implementation of the support facility proposed by this paper.
